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ZAKOVIEV, M.F.; VASIL'TEVA, V.b.S VIKHROV, P.P.; IVAIENEO,

POGOEELOV, G.I.; TROTTSEIL, F.L.

General inspsection of the work organization level in
factories. Pekst.prom. 20 no.6351-53 Je 160,

{ MIRA 13:7)

1, Hachal'nik podotdela organizatnll truda Mosoblsovnarkhosa
(for Yakovlev)e 2¢ Pekhnichesiiye inspektors Hoskovekogo
otdelenlya goveta profsoyuzov pri obkome profsoyuzd rebochikh
tekstilinoy 1 legkoy prouvahlennosti (for all except
Yakovlev)e

(Moscow Province-—Textile factories)
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IVANENKG, I. P. -~ "The Method of Moments in Cascade Theory.” Moscow Order
of Lenin and Order of Labor Red Banner State U imeni M. V. Lomonosov.
Moscow, 1955. (Dissertation for the Degree of Candidate of Physicomathe-
matical Sciences.)

$0: Knizhnava lctopis', No. 4, Moscow, 1956
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Electren and pheten cagcade curves in light and heavy elemente.
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1.Moskevskiy gesudarstvennyy vuiversitet imeni K.V.Lomonoso‘va;
(Cosmic rays) (Fuclear physics)
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USSR/Nuckear physics - Elementary particles

Y

hbst Journal : Referat Zhur = Fiziki, No 132, 1986, 33911

Author . fvanenko, I. P.

Institution Moscow State University, Moscow, USSR

Title Ccascade Curves of Electrons and Photons for Lead

Original
periodical pokl. AN SSSR, 1956, 107, No 6, 819-822

Abstract rhe 2 first moments t and 42 of the depth t of the distri-
nution functions of electrons N (Eo, 0, t) in lead with energies
greater than. zero in a shower caused by a primary electrcn or

photon of energy Bo ave calculated. The moments are celculated
with allowances for tha dependence of the total adsorpticn co-
efficient of the photon on the energy and with allowance for the
multiple Rutherford sca electrons at primaiy-
particle energies from 3 to 330 Mev. The resultant valu:s of
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USSR/Nuclear Physics - Elementary Particles
Abst Journal : Roferat Zhur - Fizika, Ko 12, 1886, 33911

the moments werc used to plot the cascade curves. The cascacde
curves were approximated b{ the author with the aid of a sum
of Laguerre polynomials L(n)(x) :

k

N(Eo, 0, t) = (¥t)t o7 %t ZAn o) .
=0

The coefficients A, , determined from the orthogonalily condi-
tions of the Laguerre polynomials, are simply related Lo the
moments of the unknown function; 1{ was considered to be equ:s:

to the minimum value of the coefficient of absorption »f the
most penetrating portion of the radiation, namely the photons.
Cascade curves are given for lead due to the primary electrons
in the energy region from 3 - 106 to 1010 ev and from the
primary photons with energies from 3 to 330 Mev.
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AUTHOR IVANENKO, L.P.; MALKOV, MoA. PA - 2C33 ]
TITLE THe ERergy Spectrum of Cascade Photons in Light Substunces.(ﬁuesian) .'!‘
PERTODICAL Zhurnal Eksperimental'noi i Teoret.rFlzikl; 1957, Vol. 12, N l,
— pp 150-151 (U.S.5.R.)
Received 3/1957 Reviewed 3/1457
ABSTRACT By the momentum method (pertinent works are cited) it was possible to I
furnish a nearly complete desecription of the one-dimensional dnvelopmant .2
of electron-photon cascade showsers in light as well as in heavy substin- :
cas. The method 1s based on the computation (with the aid of rscurrence \
formulae) of the momenta in the depth t from the function N(ECJE°,t) of '
the distribution of the number of particles with an energy gxceeding the
value E in a shower which is produced by & primary particle with the

energy Eg.

1.P.IVANENKO, Zhurn.Eksp.1 Teoret.Fiz., Vol 32, Nr 2(in print’, 1957, de-
veloped & method for the computation of the gnergy spectra of cascady -
elsctrons using 2 system of polynomials which 3re orthogonal rin the

interval 0,=). In tha present work th& cnergy spectrum of cascade phntons -
in light substances is computed in & Smilar manner. The resulis of the

computation ef the numoer {N(EO,E°,t)§ P,V of tie particles in the shower

producad by & primary g@lectron or photon in air are given jor several .
values of E°, Eo» and t in two tables. !
The accuracy of the computation method employed here was exardned by
different works (cited her7), Besides, the values of the app::'o:chnated
curves agree within a 10 of/o 1imit with the values computed Wy means of i
the exact formulas of the theory at Eo/p» 1. Here g denotes the critical

card 1/2
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AUTHOR IVANENKO I.P. PA - 266(
FITLE TheequilIbrium spectrum ef electrens and phetens with of
. scattering teken inte account. (0 ravnevesnom spektre elsktrenev
. i fetenev 8 uchetem rasseyaniya.- Russian)
PERIODICAL %hurn§l Bksperim. i Teeret. Fiziki 1957, Vel 32, Nr 2, pp 333-337
. USSR T '
Receivad: 5/1957 - Neviewed: 6/1957
ABSTRACT The present werk supplies the exact selutien of the equatien
of this equddidrium spectrum, i.e. an expregsien is feundi for
the angular- and snergy diatributien ef the particles in the
maximum ¢f a shewer in heavy asubstances.
At first the basic equatiens ef the sascade theery are written
dewn in censideratien of soatiering:

co> F(APIE)=LLP(Eo B, (Eart & Mol EVIEY) Ay Pl E, )
wr 3l ot =L, LP(EL,E, ), P(EotE, M.

Here P and [ denete the functiens ef the distxibutien »f
elestrens and photens respectively ever the depth 't, tha energy

E and the angle AP in a shewer which is caused by a primary
particle with the energy E.. L, and L2 are integrediffarential
eperatsrs which unot upen tfe variable “E and take inte :ajceunt
the preductien ef pairs by phetens, radiation deceleratisn Hnd
ienization lesses ef the slectrens. A " denetes the LAPLACE

CARD 1/2 - eperater and Ek = 21 applies. The auther assumes the fllluwing

TTTRUOUVIATIUN: HOBOOW Stdte Universaity,
PRESENTED BY: -

SUBMITTED: 2. 12. 1955.
AVAILABLE: Library of Congress.
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M AUTHOR IVANENKO, I.P., PA - 5960
I . TITLE The Energy spectrum of jvalanche Elsctrons in Lead.

, (knergeticheskiy spectr lavinnykh electronov v svintse ~ Ruses ian)
FERIODICAL Zhurnal Eksperim, Teoret. Fiziki, 1957, Vol 32, Nr 3,
SR pp L91-L97, (UsHeSsRs) . :

. ' : Received 6/1957 : Reviswed 7/1957
e ) ABSTRACT The mesthod for the computation of the cascade curves suggested previcusly
r. by the author can easily be gensralized for the computation cf the erurgy

spectra of avalanche particles in heavy elements. The present paper fur-

. nishes recurrence formulae for the moments of the function-of tha depth
SO distribution of particles with an energy higher than E° in a shower which
i is caused by a primary particle with the energy Ege These formulas are

g hers given explicitly, The results of the computation of the moments t and
t® for lead, carried out by taking accoudt of the dependence of the total
absorption coefficient d (k) of the photons upon energy,and ir. considiration
of RUTHERFORD'S scattering of the charged particles, are shown togetter in
L a tible for some-values of the energies &  and 4%, The distritution func-

: tions computed hers are shown in a diagram. In a given depth tj behird the
maximum of the avalache the energy specirum of the avaiache particles will
be softer in light elements than in heavy elements. The authcr confirms
this by further computations., From varicus curves given here the "equi-
librium spectrum" integrated with respect to depth can be det.ermined. It
agrees with an accuracy of 1o/o with the expression obtained by TALL, J.
and BELENKY, S.,J.Phys.UssR,Voll, Nr ?,p 177 (1.939) which spuaks for the

serod

Card 1/2
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PA - 2960
The knergy specirrw of Avalache flectrons ir Leud,

accuracy of numerical results. Thus, the cascade curves for lead found
here do rot differ by more than 5 tc 1o®/o from the exact curves, Alzo
the formulae aré written domn for the case that a photon spsctrun of the
type F(EO,O,E,I}) 'QDY(EO,}:J)é(J') falls on to ths boundary of the matevial
layer., (Here Eo denotes the upper boundary of the spactrum). The results
obtained are corrzctin the case of such tests in which the measuring de-
vice is surrounded on all sides by an absorbar,

(b 111., and L tables.)

ASSOCIATION Moscow State University.
PRESENTED BY .

SUBMITTED 2.12,1955,

AVAILABL® Library of Congress,
Card ?./2
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56-3-56/59
AUTHOR: . Ivanenko, I.P.

TITLE: On the Function of the Angular Distribution of tle Particle s
in the Maximum of a Cascade Shower (0 funktsii uilovego ras-
redeleniya chastits v maksimume kaskadnogo livn;a
Letter to the Editor)
PERIODICAL: Zhurnal Eksperim. i Teoret. Fiziki, 1957, Vol. 3., Nr 3 (9),
pp. 825 - 827 (USSR)

ABSTRACT: S.Z. Belen'kiy (Lavinnyye protsesay v kosmichesk:kh luchakh,
Gostekhizdat, 1948) computed the function of the distrivution
of the particles over the energies and angles in the maximum
of a cascade snower without assuming the smallness of the
angle of deviation. Scattering, however, was looted upon &s
& multiple scattering. The latter, restriction dres not exist
in the case of the present paper. The equation for P(E,{;)
integrated with respect to the depth of the deve lopnent of
the shower, which corresponds to this case, is written down
here. Ionization losses are not taken into account here and
therefore the computations discussec here hold for the ener-
gies E > P. The solution of this equation is set up in form of
a series according to Legrendre polynominals. The further de-

Card 1/2 velopment of the computation is sketched out and the result
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On the Function of the Angular Distribution of the Particles in the Maximum

ASSOCIATION:

SUBMITTED:

AVATLABLE:

Card 2/2

of a Cascade Shower

obtained by approximation by taking into account the screvn-
ing and the finite dimensions of the nucleus (i.e. the fuice
tion of the energy- and angular distribution oqthe elentirons)
is written down. The functions ;y occurring at the bagin-
ning of the development in seried are specially written down.
In conclusion also the expressions for cos-§: and cos

are determined by means of the distribution functions derived
here. There is 1 Slavic reference.

Moscow State University g .
(Moskovskiy gosudarstvennyy universitet) ’

June 29, 1957

Library of Congress
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AUTHUR:
TITLE:

PERTIODICAL:

ABSTRACT:

ASSOCIATION:
PRESENTED BY:
SUBMITTED;
AVAILABLE:
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IVANENKO, I.P. 56-7-20/66

The Energy Speotium of Cascade Electrons in Light Substances.
(Energetioheskiy spektr lavinnykh elektronov v legkikh veshohestvakh,

Russian) )
Zhurnal Eksperim. i Tecret. Fiziki, 1957, Vol 33, ifx 7, pp 135-138

(U.8.S.R.)

By means =2 the moment method the energy speotrum of shower elec-
trons in light substances is calculated., The shiowers oreate

either electrons or photons., For both cases the functions

r P

t N, (Eo» % E)} and {Np (Eg> t» E)} r are numerically
tabulated, viz. for E, from 0,6 - 15; E from 0,03 - 2; and

t from 0,4 - 4,0, (With 2 Illustrations ard 4 Slavic References).

Moscow State University (Moskovskiy gosudarstvennyy univarsitet.)

15.12.1956
Library of Congress
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AUTHOR QUZHAVIN V.V, IVANENKO I.r. PA - 3135
TITLE On the Function of the Anguler- And the spatial. Distribution of the

Particles in the Maximum of & Cascade Shower .
' (o funktsii uglovogo 1 prostranstvennogo r%redelaniye chastits v maksi.
' mume kaskadnogo divnya)

Ceam o

Mg FERIODICAL Do dy Akademii Neuk S8R, 1957, Vol 113, Nr 3, PP 533536 (UoBeSeRe) |
i foceived 6/1957 . . : Reviewed 7/1957
SN ABSTRACT According to the opinion of the authors the method of moments is well 8uite

ad for the sclution of the problem mentioned atove. The authors here &ug-
gest @ simple method for the computation of the furotions from ‘the knaown
moments, as mentioned in the title. These functlont depend upon T ‘and P -

only in the combination Xg'= EG/Es(xr =% t/Es)’ where Ea'amounts to 21MeV,

a : The aifferentlal funstion of the angular distribution 9(50,5,9 2b)=P rod
( Bo,B,T;) P(s,%e) remains finite at g = Oo prec
The authors appr?%m%t.e the function P(1,Xg) by & sum of polyncmisls

P(1,xp) ® o %8 . "anvn(cxg)» The explicit exprassions of the polynonmls
n=o

Vn(cx) as well as the polynomials Vnly) which are orthogonal to then are

explicitly given. Also the expression= for the coefficients a, &re easily

determined by the corresponding moments of the function of spatisl distri-
pution, The results of the computation of the function rP(l;xg ) are flven

‘ in a table, The method of approximation of the fanction suggested here fur-

; Card 1/2 nishes fairly accurate values even at k = Lo In addition, glso an approxi~
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AUTHORS: Guzhavin, V.V., Ivanenko, I.P.

PRI

TITLE: On the Function of the Spatial Distribution of Particles in an
: Elactron-Photon Shower (0 fumktail’ prostranstvennogo raspre-
deleniya chastits v elektronnofaotonnon livne)

PERIODICAL: Doklady AN SSSR, 1957, Vol. 115, Nr 6, pp. 1089 - 1092 (USSR)

ABSTRACT: In the preparatory paper (Doklady AN SSSR, 1957, Vol. 113, Nr 3)
s method for the computation of the angular distribution and
the spatial diastribution of the electrons in the maximun of a
casoade shower was suggested. The present paper develops a
method for the computation of a more general class of functions
from their known moments. The authors here investigate the
function @ (r, 8) which is dependent on the parameter 8 and
a few other parameters. This function s defined in the inter-
val 0§ r { ® where forr - 0 it ig valid § (r,s) = (1/x%~8)

(r, 8). Moreover it is valid P (r, s) = const § 03 0< 8L 2.
ThHe moments of the function @ (r, 8) are defined by the for-

nula T
rg(s) = f@(r, s)rnrdr/sw (v, s)rdr and they are as-
Card 1/3 sumed as known here. In all prac% cally interesting cases it is

OI tne polynonminals. T o

I (]

fgrtzznauthOZE' opl'nion this approximation method is suitable

o comy zrz. ems. The present paper applies this method for
putation of the functions of the apatial distribution

A g ec
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e coefficients are given expli-
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On the Function of the Spatial Distributicn of Particles in an Electron-Pho-
ton Shower

citly. The formulae here deduced also provide useful rasults,
if for example only the first two r2sults are used. There are
1 table and 8 references, 4 of which are Slavic.

ASSOCIATON Moscow State . University imeni 4.V. Lomonosov
(Moskovskiy gosudarstvennyy universitet im. M.V. Lonmonosova)

PRESENTED: April 9, 1957, by D.V. Skobel'tsyn, Academician
SUBMITTED: April 2, 1957

AVAILABLE: Library of Congress
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SOV/56-34 -3-33/55
AUTHORS: Guzhavir V. V. , rlyanenko, I, P, K

TITLE: On the Function of the Spatial Distribution of Photons in
the Maximum uvf a <Cascade Shower (0 funkteii prostranst-
vennogo raspredeleniya fotonov v meksinume kasgkadnogo
1ivnya)

PERIODICAL: Zhurnal Eksperimental'noy { Teoreticheskoy Fiziki, 1958,
Vol. 34, Np 3, pp. 746 - 747 (USSR)

ABSTRACT: The authors computed the function of the spatial distribution
of photons by the method of momenta. The fact that the func-~
tion of the spatial distribution of the photons Np (x ) with
an energy greater than E with x_— 0, is proportional to
(1n x_)/x_, is taken into consifleration here. Here holdss
x, = r/E8 with E_ = 51 MeV. The authors approximate the

function x Np (xr) by means of the following sum of poly-

N
nomi alsi xr}lr,(xr = Ei(-a xr) nzﬁoo(,an(% zr).

Card 1/3
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| SOV/ 56-34-3-33/55
On the Function of the 3patial Distribution of Photons in the iaxinmun of
a Cascade Shower

In this case, Rn(ocxr) denote the orthogonsal polynomials in

the interval (0, o ) with the function of weight Ei(-a\x_).
Conditions for the calculation of these polynomials are
given. Also the explicit analytical terms for some of such
polynomials R_ are written down. Formulae for the coefficients
occurring in these terms are given. The rasults of the com-
putation of the function of spatial distribution of photonsa
are illustrated in a diagram and compared with the results
obtained by G. Moliere (Reference 2). The corresponding
curves do not differ by more than 20 % up to approximately
x_r~ 0.1, With x_ ~ 1, these curves differ by approximately
the double from &ach other, but here the curve of HMoliere
-2;: is already unreliable. The functions of spatial distribu.

) tion of the photons calculated here (which take into accuunt
the first 3 momenta) do not differ by more than 10 % from
the accurate curve. The first diagram also contains the
function of sxatial digtribution of the electrons. Even
with x_ = 107%, the function of photon is 3 times greater
than tge electron function. There are 2 figurus and 3 re-
ferences, 1 of which is Soviet.
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BOV/56~34-3-33/55
On the Function of the Spatial Distribution of Photons in the iiaximum of
a Cascade Shower

ASSOCIATION: Moskovskiy gosudarstvennyy universitet
{Moscow State University)

SUBMITTED: Novenber 6, 1957

card 3/3

PR s
HERPRI] 3 i

CIA-RDP86-00513R000619010001-3"

i Fa
153 I B
G & STt

APPROVED FOR RELEASE: 08/10/2001




"APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3

| REC 1 TEEEBRCE i FER 145 I R IH!I TIRENEE [t 11 E R 1) Hiizgliali R EEN
- Syt N ce it I e

HIRETE. S AR IS ENR AR BRI HOELA I 1M K {03 CrRHE Ty ith: e
T Spa—. . - - b S [ Saai —__ - B4} BRI I
il 1 f1 e 1i:: O T P B 4o B S et

AUTHOR: Ivanenko, I. P. 80V /56-35-1-16/59

—

* TITLE: On the Cascade Theoryrof Showers (K kaskadnoy teorii liviey)

PERIODICAL: Znurnal eksperimenial'noy 1 teoreticheskoy fiziki, 1958,
Vol 35, Nr 1, pp 132 - 136 (USSR)

i C ABSTRACT: The authors of the papers mentioned in reference 1
1 investigated the distribution function of particles
which were prnduced in a layer of matter during t and
t + dt (with energies of between E and E+dE at the
origin); the;y further investigated the equation for
the average number of particles & (P(E E,t) irrespective
of ionization losses. In the present gaper a solution
v of the last-mentioned equation is given in consid eration
i of ionization losses and of a comparison between the
results obtained and those of the ordinary cascade
theory (Ref 2). Otherwise, conditions are the same as
those of reference i. The following ensatz is made for
Card 1/3 a shower caused by a primary electron with the energy Eo:
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On the Cascade Theory of Showers 507/56-35-1-14/59

5KP(EO,E,t)) = r (EO,E',t)Wp(E,E')dE',

“e(M(EHE »t)) = OP(EO,E’,t)We(E'—E,E')dE', where [

characterizes the distribution of photons. For the
number of electrons produced in a layer between O and &
with energies >E (at the origin), an equation is written
down and solved. The functions E (N (m sByt)) as well as
(E yByt), where

t .
NPS(EO,E,t) = S NP(EQ,E;u)df, are in the fellowing

o
tabulated in detail both with and without taking ioni-

zation losses into account. In conclusion the author
thanks T.V.Klopkova for his assistance in carrying out

’v, S
R
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On the Cascade Theory of Showers 507/56—35~1—18/59

computations. There are 2 tables and 3 references,
2 of which are Soviet.

ASSOCIATION: Moskovskiy gosudarstvennyy universitet (Moscow State University)

SUBMITTED: February 4, 1958
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AUTHORS: Volkonskaya, T. G., Ivanenko, I. P.,
Timofeyev, Ge Ae o
» TITLE: On the Influence of the lMultiple Scattering Effects on
the Evolution of an Electron-Photon Shower of High Energy tin
Lead (0 vliyanii effektov mnogokratnego rasseyaniya na
razvitiye elektronne-fotonnogo livnya bol'shoy energii ¢
svintse)

PERICDICAL: Zhurnal eksperimentel'noy 1 teoreticheskoy fiziki, 1958,
Vol. 35, Nr 1, . pp. 293 - 294 (ussr)

ABSTRACT: This paper describes the results of the calculatiens
of the longitudinél evolution of 154 showers caused by a
primary electron with E = 10'%eV tor 2 t-units and of 40
showers caused by a primary electron and photon in lead
for 4 t-units. The calculations were carried aut by means
of the electronic computer nStrela" according to the
Monte-Carlo (Monte-Karlo) method. The cross sections
of the bremsstrzhlung and pair-production processes ware
taken from a paper by Migdal (Ref 4), but the authors Lock
into account that the refraction index of the medium is

APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3"
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On the Influence of the Multiple Scattering Effects SOV/56-55~1 2d/59
on the Evolution of an Electron-Photon Shovwer of High Energy in Lead

ASSOCIATION:

SUBMITTED:

Card 2/3
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different from 1. A diagram demonstrates the averzge
energy spectra of the electrons for the depths which
correspond to 0,5; 1,0; 1,5; and 4 t-units, According

to this diagram, the energy spectrum is chenged by multiple
scattering: There are mors high-energy particles and les:
low-energy particles(< 107 eV) with respect to the usunl
spectrum. Finally,the authors make sim2 comments on the
fluctuations of the number of shower particles. There are

1 figure, 1 table, and 6 references, 5 of which are Sovi:r.

Moskovskiy gosudarstvennyy universitet (Moscow State Uni.
versity)

April 8, 1958
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24(5), 24(6) 30V /56-35-5-29/56

AUTHORS: Ivanenko, I. P., samogudov, B. Ye.

TITLE: Cascade Curves for-Copper (Kaskadnyye krivyye dlya medi)

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 19958,
Yol 35, Nr 5, PP 1265-1270 (USSR)

with cosmic radiatior, copper or
jron ionization chambers &are used, which are shielded by filters
nade from various materials. Sometimes, iron OT copper is used
also as filtering material, and it is therefore necesgsary to
have sufficiently accurate cascade curves for these elements.
(The values obtained for copper can be used also for iron.

Such curves WeTre obtained for copper by the momenta method
(Ref 1). When calculating the momenta of the electron distribu-

) el by means of & pecurrence formule

ABSTRACT: In experimental work connected

tion curve HP(EOQ,t
(Ref 2), the authors

sorption coefficient of the

Rutherford (rezerfordovskoye
charged particles into account. 1t is furthe

Card 1/3 electrons released by electronsg OT photons ©

also took the gependence of the total ab-
photons &(E) on energys and also the
) scattering of the avalanche of

r assumed that the

f the primary

e _r,]mf."-sﬁ'i.“;‘?‘:hﬁ 17

i
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cascade Curves for Copper SOV/56—35—5-29/56 L

energy EO have an energy in & shower depth b, which is greater

than zero. (For & (8) compare the pook by Heitler (:aytler)

(Ref 3), a translation of which was published in Hoscow.) In the
: cascade theory depth 1is measured according to so-called

- ngyalanche length units"; such 2 t-unit for copper amounts to

11.6 g/cmz, the critical energy 18 {38 16.6 WeV. The results ob-
P tained by calculating the two first moments T(&O,O) and tz(adO)
for the primary particle energy €, (g is measured in (3/q wnits,

| q = 2.29, B - the critical energy) are sho¥n in a table. The
cascade curves obtained are shown for @ 1arge numbeT of Go—values

(for a primary photon) in diagrams (Figs 1,2) and for primary
electrons (Figs 3,4,5). Figure 9 compares the cascade curves
calculated by the authors (according to nomenta) with those ob-
teined by using the formula developed by Belen'kiy and
jiaksimov (Ref 2) as well as w#ith those calculated according to
the formula by ott (Ref 6). There are 3 groups of curves for

€ = 140, 560 and 1400 (g, in /a cnits). There are D figures,

Card 2/3
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Cascade Curves for Copper

1 table, and 7 references, 4 of which are Soviet.

.

ASSOCIATION: Moskovskiy gosudarstvennyy universitet (Moscow State University)

SUBMITTED: June 2, 1958
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21(7) 50V/20-122-3-12/57
AETHOR ; Ivanenko, I. Py

; _ rononko, |
TITLE: On the Equilibrium Funct

ion of the Angular Diatribution of the
Particles in a Cascade Shower (0 ravnovesnoy funktsii ugliavoro
raspredeleniya chastits v kaskadnom livne)

PERIODICAL: Doklady Akademii nauk SS5SR, 1958, Vo1l 122, Nr 3, pp 367-370
(ussr)

ABSTRACT: In this paper, the formulae for
distribution of the particles in the maximun of the shower

are found in the approximation of nultiple scattering, In

these calculations, the ionization losses are taken into

account.in the approximatiion of small and large angles with

respect to the primary particle of infinite energy. The author
finds the formulae for the unknown function also for the

case of a shower cgenerated by a rarticle of infinite energy.
First, the equations for the function P(EO,E,{%) with respect

the function of the angular

to energy and to the angles are given explicitly for the
case of a primary electron of the energy E_ . This ele
Card 1/2 falls vertically upon the boundary of

ctron
the Substance layer
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On the Equilibrium Function of the Angular Distribution of the Particles
in a Casgcade Shower

.

at t = 0. A formula is then given for the corresponding dis-
tribution function of the nhotons. Calculations are discussaed
atep by step. Finally, the found distribution functions in
the approximations of great and small angles are explicitly
given. The formulae deduced in this paper can he accurately
applied only to the case E0 = @ where Eo denotes the energy

of the primary electron, For finite values of Eo, the charsc-
ter of the distribution funetion is very different from that
for E = ®. The results obtained by the computation cﬂthe
functon of the angular distribution are given in a diagranm.
There are 1 figure and 6 references, 2 of which are Soviet.

ASSOCIATION: Yoskovskiy gosudarstvennyy universitet im. I1I. V. Lomonozova
(Moscow State University imeni M. V. Lononosov)

PRESENTED: May 20, 1958, by D. V. kobel'tsyn, Academician

SUBMITTED: May 17, 1958
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"CONCERNING THE TRIDLMFENSIONAL ELECTRECN.FHOTON AVALANCHE DEVELOPMENT®
I1.P, Ivanenko, V.V, Guzhavin

The affect of the snergv E; of the primary particle causing an avalanche, upon
the form of the angular and spatial particle distribution function at small values of
the argument has been considered, An arproiimate method of calculating these functlions
s proposed and the angular and spatial distribution functions are presentext for
different values of the parameter S, from 0.4 to 1.5, and the ratlos EO/E, from 10
to 10%. In a number of specific cases, a detailed studv is mede of the behavior of

distribution functions close to o, with a finite value for E.

report presented at the International Cosmic Ray Conference, Moscow, 6-11 July 1959
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: \ S/62y60/002/000/022/027
B 3.%44/0 (23053805, 155) P299/D304
AUTHORS : Volkonskaya, T. G., Ivanenko, I. P., and Timofeyev, G.A,
M i
TITLE: Developmen of electron-photon showers of high energy b
in condensed media x ;
SOURCE: International Conference on Cosmic Radiation. Moscow,

1959. Trudy. v. 2. Shirokiye atmosfernyye livni i kas- ‘
kadnyye protsessy, 269-291 ;

only pair creation, bremsstrahlung and ionization of the atoms of
the medium were taken into account. The results are given of cal-
culations concerning the development of approximately 300 showers

ii in lead plates,generated by primary electrons of energy 1012 ev., o

B and of approx. 400 showers generated in photographic plates by pri-
Mt mary photone of similar energy. Complete data are given on elec-

S trons and photons of energies E>4-1O7 ev. (14 energy intervals) at E
BN depths up to 2 t-units. from the integral energy spectra of elec-

Card 1/3

TEXT: In the computations, carried out by the Monte Carlo method, ‘/IV
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 Development of electron-photon .., D299 D304

trons and photons in lead at various depth, it is evident that the
spectra with multiple scattering vary: The number of particles of
higher energies increases whereas that of lower energies decreases,
It is noted that in the corresponding differential spactra, the dif-
ference between the ordinary and the spectra with multiple scatter-
g ing is greater than in the integral spectra., A comparison of inte-
& 2ral spectra of electrons and photons in photographic plates with lf;/
¥ corresponding spectra of ordinary cross-section, showed that the
§ difference between these spectra is greater than in the cage of
lead. It is noted. that the experimental error is rather high. The
number distribution of showers is plotted in figures for various
depths, together with the Poisscn-, Purry- and normal distribution.,
These plots show that at great and medium depths, the distribution
is asymmetrical and fluctuations of the order of + 0.7 N (>E) are .
met in approximately 40% of the cases. Hence it is rather difficult :
to observe the effeci.. under study for showers with E = 1012 ev, L
Bl The results of computations of the number distributiofl functions
are listed in 23 tables; the standard deviations for several of
these functions are listed in 2 tabies, There are 10 figures, 25
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AUTHORS : Vernov, S. N., Gorchakov, Ye. V., SOV/56-36—4~39/70
Ivanenko, I. P., Khristiansen, G. B.

TITLE: On the Development of the Nuclear- Active Components

in Extensive Atmospheric Showers (0 razvitii yaderno-
aktivnoy komponentyshirokikh atmosfernykh livney)

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959,
Vol 36, Nr 4, pp 1233-1239 (USSR)

ABSTRACT: Already Guzhavin, Guzhavina and Zatsepin (Ref 1) calculated
‘the height dependence of high-energy nuclear-active
particles and the number of high-energy [ -mesons at sea
level, as well as the height-dependence of the nuclear-
active and of the soft component of extensive air showers.
The elementary act was calculated accerding > Landau
(Ref 2) and Vernov (Ref 3). For all energies che collision
cross sections were calculated, and for the free path in

air the value » = 65 ¢ 70 g/cm2 was obtained. The results

3 "h
0
card 1/3 of c¢alculations depend in a high degree on }ho; however,
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On the Development of the Nuclear- Active Components SOV/56—56—4-39/70
in Extensive Atmospheric Showers

7&0 is at energies of z$1010ev not known from experiments.

Therefore,the authors of this paper calculated different
characteristics for the nuclear-active (r.a.) component of
eitensive air showers (e.a.sh,), in which )*o is determined

by the type of the elementary act and the experimental range

of the absorption of n.a. particles (E'~J01eev)u By making
simple assumptions concerning the nature of the elementary
act the spectrum of the n.a. particles in e, a. sh. was
computed, and likewise the ranges for the absorption of n.a.
particles and the energy Iluxes in the showers, Also the
probability for the o*servation of one or two high-energy
n.a, particles in a %ivea altitude is estimated. The main
aim of this paper was to find characteristics of the

e. a. sh. for various parameters of the elementary act

and ]&0 s which are sensitive to the nature of interation.

It was found that besides the e.a.sh. characteristics,
which depend only weakly on the nature of the c¢lementary
partlcle, there exist also such as are highly dependent,
An exact experimental investigation of the latter may lead
to important results concerning the elementary act.
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On the Development of the lNuclear- Active Components in SOV/56-36-4~39/70
Extensive Atmospheric Showers

There are 2 figures and 11 references, 9 of which are
Soviet.

ASSOCIATION: Institut yadernoy fiziki Hoskovskoge gosudarstvennogo

universiteta (Institute of Nuclear Physics of Moscow
State University)

SUBMITTED: October 16, 1958
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AUTHORS:

PERIODYCAL:

ABSTRACT:

Card 1/2
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Guzhavin, V. V., Ivanenko, I. P. 30V/56-36-5-32/76
—

On the Dependence of the Mean Angle of fcattering of

Particles on Their Distance From the Shower

(0 zavisimosti srednego ugla razleta chastits ot ikh rasstoyaniyn

do osi v kaskadnom livne)

Zhurnal eksperimental’noy i teoreticheskoy fiziki 1959 Vol 36,
Nr 5, pp 1509-1512 (USSR)

The problem of the theoretical trestment of spatial cascade
showers has hitherto not been solved. In the three-dimensional
casoade theory of showers either a spatial particle distribution
function is generally used with integration with respeaot to the
angle variable or one uses an anguler distribution function and
integrates over the surface which is perpendicular to the showar
axis. In connection with investigations of high-energy photon
showers in photoemulsions as well as with detailed investigatioms
of the soft component in the core of an extensive sir shower,
knowledge of the complete solid angle distribution function of
particles appears to be of importance. This is a very complicated
mathematical problem, which can’ be approached for the time being
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On the Dependence of the Mean Angle of Scattering of  S0V/56-36-5-32/76
Particles on Their Distance From the 3hower

only by means of methods of approximation (momentum method,

numerical computation by means cf an electronic computer}. The
- authors make & contribution towards dealing with this problem
B by calculating the average anglo'éx(E.,x) formed by the

) particles with the energy E with the shower axis at a distence
x from the latter. Scattering is considered to be multiple and
calculated in Landau’s spproximation (Ref 2). Further,
approximation is confined to small angles (i.e. cos 8-, sin *0J,
and ionization losses are neglected. The resulis obtained by
theoretical investigation are compared with the results obiained
by measurements carried out by N. L. Grigorcv and M. A.
Kondrat’yeva, Agreement (see table) is good if it is taken into
account that the & - values were measured vhereas the
projections éx were oalculated, that € le?z eexp/ﬁé holds, =nd

that, besides, errors of measurement amounted to 20 - 30%.
There sre 1L figure, 1 table, and 5 referenses, 2 of vhich are Sodet.

ASSOCIATION : Hoskovskiy gosudarstvennyy universitet (Moacow Stats University)

SUBMITTED: November 24, 1958
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Teory of the passage of nuclear cascudes through the atnos-
phere. Zhur.eksp.i teor.fiz, 37 no.4:1046-1049 0 '59,
(MIRA 13:5)

1. Institut vadernoy fiziki Moskovskogo gosudarstvennogo

universiteta.
(Cosnic rays)
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21(8) .
AUTHORS : Vernov, S. N., Corresponding Member, S0V/20-124-~5-17/62
A3 USSR, Grigorov, N. L., Ivanenko, I. F., Lebedinskiy,
A, I.; Murzin, V. S., Chudakov, A. Ye. —
TITLE: 4 Possible Mechanism of the Production of "Terrestrial

Corpuscular Radiation” Under the Action of Cosmic Rays
(Vozmozhnyy mekhanizm sozdaniya "zemnogo korpuskulyarnego
izlucheniya” pod deystviyem kosmicheskikh luchey)

PERIODICAL: Doklady Akademii nauk SSSR, 1959, Vol 124, Hr 5,
pp 1022~-1025 (USSR)

ABSTRACT: By "terrestrial corpuscular radiation" the authors mean

the fluxes of particles moving in the terrestrial magnetic
field along closed orbits. According to the authors!
opinion, the following radiatian production mechanism
deserves the most attention: Under the action of cosmic
radiation; the earth, like any otlar celestial body,

becomes a neutron source. The neutrons traverse the
magnetic field without being disturbed as uncharged
particles and attain great distances from the earth.

The charged particles originating from neutron decay move

in the magnetic field along the lines of force. The particle
in the course of time reaches the region of high geomagnetic

TS i
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A Possible Mechanism of the Praduction of "Terrestrial SOV/20-124-5-17/62
P Corpuscular Radiation” Under the Action of Cosmic Rays N

latitudes, where fieldstrength increases congiderably
with increasing latitude. In this region the velocity
vector of the particle will, as the particle approaghes
the earth, turn so long with respect to the vector H,
until at the latitude hmax the angle between the

velocity of the particle and the vector.g becomes equal

to 90°. At this point the particle returns and begins
. to move in the rear direction along the same magnetic
- line of force. If conditions are favourable, the decay

products of the neutrons may perform 108 and more
ogcillations between the northern and the southern
turning peint. Therefore, the intensity of the flux of
i these particles increases by the same amount. Experimental
data indicate the existence of such s radiation. The
present paper carries out a closer investigation in order
to find out by what factors the intensity of these raysn
is determined. Calculation is followed step by step. The
Card 2/4 authors calculate the intensity of the "terrestrial

i e
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A Possible Mechanism of the Production of "Terrestrial S0V/20-124-5-17/62
g Corpuscular Radiation" Under the Action of Cosmic Rays

_ corpuscular radiation" for various heighis and latitudesn;

’ the results obtained by these calculations are shown by

a diagram. They lead to the following conclusions:

Although the number of neutrons decaying in the earth is
very small, they may cause intensive cosmic radiation. The
'//. experimentally determined intensity is by ., 100 times

' lower near the equator than calculated intensity. According
to experimental data there is no terrestrial corpuscular
radiation in geomagnetic latitudes above 409, but in the

present paper j(A = 40°) ., j(A = 0°) is obtained. Ti s

reans non-agreement by mare than 105 times the amount. In
order to reestablish agreement with the experiment, it is
useful to assume an additional flux of particles from
“mugnetic traps"™, which are particularly strong in large
latitudes. This may be due to the existence of electric
fields. This assumption also appears to be confirmed by
the data concerning the considerable increase of
perturbations of the terrestrial magnetic field with
increasing latitude. With increasing latitude, the
interdictions imposed upon energy by Stoermer’s theory
are being disobeyed to an ever-increasing extent. The

APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3"



"APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3

e S R e et (el St a2 el ekt AP RGeS Sl s B e L B

A Possible Mechanism of the Production of "Terresirial SoV/20-1 24-5-17/62
Corpuscular Radiation® Under the Action of Cosnic Rays

rechanism discussed in the present paper must apply

algo in the neighborhood of astrophysicel objects having

a magnetic field. Therefore, the investigation of this

radiation in the neighborhoocd of planets may be a means

of observing weak magnetic fields. The authors thank

D. V. Skobel'tsyn for hie advice and M. S. Rabinovich .

for discussions. There are 2 figures and 7 Soviel references. ) g
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(No subject heading)
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N.M., red.; NIKISHOV, A. I., red.; ZATSEPIN, V.I., red.;
KHRENOV, V,A., red,; SYROVATSKIY, S.I., red., FEDOROV, V.M,,
red.; VAVILOW, Yu,N,, red,; ABROSIMOV, A.T., red.

Proceeding= of the Moscow Cosmic Ray Conference, July 6-11,
1959, Moscow. Vol.l4. Variations of cosmic-ray intensity.
1960. 365 p.

(No subject heading)
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SYROVATSKIY, S.I., otv.red,toma; KHRENOV, B.A., zem,red,toma;

GERASIMOVA, H,M,, red,; NIKISHOV, 4,I,, red.; Z:.TsuPIF, V.I.,
red,; DORMAN, L,I., red.; TULINOV, V.F., red.; -HDOROV, V,M.;
VAVILOV, Tu,N¥,, red,; ABRASIMOY, A,T,, red,; FRADKIN, M,I,,
red,.izé-va; BRUZGUL', V.V., tekhn.red,

{Radiation belts of the earth, Primary cosmioc radietion and its
properties and origin] Radiatsionnyi polas Zemli. Pervichnoe
kogmicheskos 1zluchenie, ego svolstva 4 proiskhozhdenie, Moskvs,
Izd-vo Akad.nauk SSSR, 1960, 258 p., (Trudy Mezhdunarodnoi
konferentsii po kosmicheskim luchsm, no.3)

(KIRA 14:2)
1. Internationasl Confarence of Cosmic Radistion.,
(Cosmic rays) .
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red.; ZATSEPIX, V.I,, red,; KHHENOV, B.A., red.; DOBMAN, L.1,, Ted,;
TULINOV, V.F., red.; SYROVATSKIY, S.1,, red,: FEDOROV, V.M., red.;
VAVILOV, Yu.N., red.; ABROSIMOV, A.T., red.; GUROV, X.P., red.izd-va:
BRUZGUL', V.V., tekhn,red,

[Pransactions of the Internationsl Confersnce on Cosmls Rays)] Trudy
Mezhdunarodnol konferentsiil po kosmicheskim lucham. Moskva, Izd-vo
Akad.nsulc SSSR.  Vol.1l. [N¥uclesr interactions at energies of 1011-101% ev.]
IAdernye vzaimodeistviia pri enmergilakh 1011.101% ev. 1960. 335 p.
(MIRA 13:9)
1, Mezhdunarodnaya konferentsiya po kosmicheskim lucham. Moscow, 1959,
(Fuclear reactions)
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ZHDANOV, ,G.B., .glavnyy red.  ;IVANENKO, I.P., zam.glavnogo;red.; ZATSEPIN,
v.1,, otv.red,toma; KHRENOV, B.A., zam.red,toma; GERASIMOVA, N.M,,
rod,; NIKISHOV, A.1., red,; DaMal, L.I., red.; TULINOV, V..,
red,: SYROVATSK1Y, S.I., red.; FEDOROV, V.H., red.; VAVILOV. Tu H.,
red,; ABROSIMOV, &4.T., red,; GUROV, K.P,, red.izd-va; BERKGAUT,
v.G¢., red.izd-va; BRUZGUL', V.V,, tekhn.red.

(Bxtensive air showers and cascade processes) Shirokie atmosfernye
1ivnl 1 kaskadnye protsessy. Moskva, Izd-vo Akad.nauk SSSR, 1960,
351 p. (Trudy mezhdunarodnoy konferentsii po kosmicheskim lucham,
no.2). (MIRA 13212)

1. International Conference of Cosmic Radiation,
(Cosmic rays)
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ZHDANOV, G.B., glavnyy red.; IVANENKOy—L.P., zom.glavnoge red.; DORMAN,:
L. I., otv.red.toma; TULINOV, V.F., zam, redsktora tomas; GHRASI-

. MOVA, N.M., red.; NIKISHRV, A.l., red,; ZATSEPIN, V,I,, red.;

T KHRENOY, B.A,, red,; SYROVATSKI1Y, S.I1,, red,; ¥HDORQV, V.M,,

: ’ red,; VAVILOV, Yu,N,, red.; ABROSIMOV, A.T., red.; GUS'KOV, G.G.,

vod,izd-va; BRUZGUL!, V.¥,, tekhn.red,

[Transactions of the Internstional Confersnce on Cosmic Baye] Trudy
Mezhdunarodnol konferentsii po kosmlicheskim lucham, Moskva, Izd-vo
, Akad.naulc SSSR. Vol.4. [Variations in the intensity of cosmic raysl
Variatsii intensivnosti kosmicheskikh luchei. 1960. 362 p.
e (MIRA 13:10)
1, Mezhdunsrodnaya konferentsiyas po kosmicheskim lucham. Hoscow,
1959, 2. Magnitnaya laboratoriya AN SSSR, Moskva (for Dorman).
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- AUTHORS : Vernov, S.N., Chudakov, A.Ye., Lebedinskiy, A.I.,“}Xanenko, I.P.~
TITLE: Composition of rerrestrial corpuscular radiation and possible mekhan-
isms of its origination
B PERIODICAL: Referasivnyy zhurnal. Aetronomiya i Geodeziya, no.b6, 1961, 33, ab-

stract 6A287 ("Tr, Mezhdunar. konferentsii po kosmich. lucham, 1959,
v, 3", Moscow, AN 35SR, 1960, 54-58)

TEXT: Assuming that t%g outer radiation belt ccnsists of electrons with
energy spectrum N (> E}~E (', the value of was determined to be~5 for ansr-
gles from 20 to 100 kev. Extrapslaxion of this spectrum tc the region of lowsr
energles (z - 10 kev) would result in density of energy of particles which would
exceed the density =f energy of the consiraining magnetic field, Therefore, either
the spectrum of low-energy electrons must have & maximuni orp should be small, A
weaken:ing of the Barth's magnetisc field was observed in the seat of 2 maximum £il-
jed trap. A fraction of aurcras can be explained by leakage cf partieleé from the
outer belt into the atmosphere, The source of replenishment of the outer zone is
aolar corpuscular fluxes, At their motion, recombination is possible which gives
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AUTEGR: wlyanenko, VI%'!i;‘gandidate of Physiocal and Mathematical Selences
TITLE: Magnetis "Trap" on the Way Into the Universe
PERIODICAL: Tekhnika molodezhi, 1960, No. 5; DPPs. 35-36

PEXT: The author reports on the\’lfggigﬂgg yelt’!’around the earth which
were detected by means of artifiofal earvs satellites., 1v had beer known
for a long time that the earth is a huge magnet..The megnetic field of
the earth is a peculiar trap for low-energy charged particles, Phyedicists
working at the problem of a controlled thermonne & *use this
principle to keep the hot plasma in a limited volume. On launching earth
satellites, currents of charged particles were observed which had been
trapped by the magnetio fiel%of the earth., The various radiastions were
recorded by means of specinl ‘Instruments designed by the Soviet
scientists S.N. Vernov, Corresponding Member of the Akademiya nauk SSSR
{Academy of Sciences USSR), A. Ye. Chudgkoy, Candidate of Physical and
Mathematical Sciences, et al. The main element of these inatruments is
the gas discharge counter by means of which the number of charged particlesy/
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can be determined. The so-called scintillation counter is used to

determine their energy. Soviet earth sateilites furnished the first

informetion on the high intensity of charged particles at altitudes of

225~700 km above the northern latitudes. The same observations were

made by American earth satellites at altitudes of over 1,000 km above

the equatorial latitudes. Only the launching of the third Soviet earth
satellite made 1t possible to detect two radiation zones around the earth.

The measuring instruments indicated the boundaries of the internal redia-

L tion zone. On the basis of the analysis of data obtained from the instru-

R ments, S.N. Vernov and A. Ye. Chudakov succeeded in proving that the

. protons with energles of about 100 million electron volts predominate

SO in the internal radiation zone. The two gclentists also suggested a

e hypothesis which explains this result in the most plausible manner. The

instruments of the third earth satellite also furnished important

jnformation on the outer radiation belt. It was found that its radiation

(o - consists of high-energy electrons (about 100,000 ev). The number of

R these electrons changes in the course of time. According to data furnished
o by the instruments; the radiation intensity of the internal radiation belt

: remained almost constant. Exact data on distribution, composition; and

Card 2/3

APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3"



HEES T B ST i AR RO P B I ES S aR | E P CRE RS A LA AR RIS A

"APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3

JERRE A

DY
I

Magnetic "Trap" on the Way Into the Universe 8/029/60/000/05/21/024
B0O08/BO17

energy of particles of the outer radiation belt were obtained by means of

the first two Soviet cosmic rockets. The scientists explain the formation

of this belt with the periodic emission of particles from the sun.

Apparently, & very small portion of particles emitted by the sun is caught

by the trap where they vemain., The detection of the two radiation belts

is of great importance for the development of space travel. The investi-
gation of such radiations may algo serve as a means of detecting weak

nagaetic fields of other celestial bodies. On p. 1 the photograph of ; .
S. N. Vernov, Corresponding Member AS USSR, is shown., There are 5 figurei;)(/// o
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GUZBAVIN, V.V.; IVANENKO, I.P,

Effect of the initiating particle on the three dimensional development
of a cascade shower, Zhur.eksp.i teor.fize 38 p0.2:662-664 F 'élk.
(MIRA 1435)

1. Institut yadernoy riziki Moskovskogo gosudarstvennoge universiteta.
(Cosmic rays) (Particles (Nuclear physics))
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AUTHORS : Vernov, S. N., Ivanenko, I. P., Kulikov, G. V.,
Khristiansen, G. B. q

TITLE: The Nature of the Particle Beamp\in the Core of an Extensive
Air Shower/?

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960,
Vol. 39, No. 2(8), pp. 509 - 512

TEXT: In an earlier paper (Ref. 1) the authors communicated their
investigations of a shower core by means of diffusion chamber. They found
that narrow beams consisting of 4-15 particles appear, and the beam
trajectories are collinear. These particle beams are, either, cores of
electron-photon avalanches released from Ko-mesons, or groups of high-
energy muons. Which of these alternatives is correct, ia now investigated.
In the present paper, the authors show that the latter is much more
probable., The first assumption is discussed in detail, and the experiment
and its results are analyzed from this stand-point. The observed number
of particles in the beam can only be released by primary particles whose
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The Nature of the Particle Beaums in the Core  $/056 60/039/002/042/044
of an Extensive Air Shower BGO6/B0OT0

energy B°2>1012 ev. The energy spectrum of electrons and photons in the
avalanche at a depth of ot-units had the following form (N - number of
particles released by particles with E = 1012 ev)1

E 10° 10° 1010

Nel(>E) 5.5 4.0 2.5
thot(7E) 10 8.0 4.0 0.8

For their experiments, the authors used a plate of lead glass (type T@-1
(TF-1)) with high 1ead content. This plate covered one half of the
diffusion chamber. 850 hours of measurement were made in tne open chamber
and 440 hours in the closed one. The actnal number of particles observed
in the showers is nuch smaller than that which would be expected if the
first assumption on the nature of the collinear beam were true. Experi-
ments performed with diffusion chamber, arranged above tWo TOWS of

jonization chambers, gave gimilar results. The second assunption, that

the obgserved beam consists of u-mesons, is then briefly discvssed. ¥For
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AUTHORS: Dobrotin, N. A., Grigorov, N. L., Zatsepin, G. T.,
Ivanenko, I. P., Charakhch'yan, A. N., Chudakov, A. Ye.

oo
T

TITLE: Sergey Nikolayevich Vernov (On His 50th Birthday)

PERIODICAL: Uspekhi fizicheskikh nauk, 1960, Vol. 72, No. 1,
pp. 153 - 155

- TEXT: Sergey Nikolayevich Vernov celebrated his 50th birthday on \

. July 10, 1960. The beginning of his scientific activity coincided with
the beginning of an intensive research on cosmic rays (1931-1932). By

. his first studies he built the foundation for the preseni-day methods

- of investigating cosmic rays inside and outside of the stratosphere by

T means of radio signals emitted by automatic devices. From the start,

Vernov worked in close contact with Academician D. V. Skobel'tsyn. In

1939, he completed a geries of studies on cosmic rays in the strato-

sphere, measured at various latitudes. Stratospheric measurements nade

by Vernov from 1946 to 1949 yielded particularly detailed informaticn

on the nature of primary radiation. Basing on rules found by experiments
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to govern the absorption of the primary components in the atmosphere;
Vernov reached an important conclusion concerning a stirong interaction
of the primary particles of cosmic radiation with matter. In 1949,

S. N. Vernov headed an expedition of Soviet physicists to the equatorial
latitudes in the Indian Ocean. Stratospheric investigations made in the
course of that expedition yielded convincing evidence of the existence
of the disputed, so-called east-west asymmeiry and of the pogitive
charge of particles of cosmic radiation, For his research of cosmic ra- V
diation in the stratosphere; Vernov was distinguighed with the Stalin
Prize of 1st Class in 1949. From 1947 to 1949, Vernov organized compre-
hensive studies of the interaction of high-energy protons with matter in
the stratosphere. Collisions of protons with atomic nuclei were found to
give rise to an electron-photon component of cosmic radiation. This al-
lowed the assumption that rapidly decaying mesons giving rise to the
formation of photons and elecirons are produced in the course of such
processes. This hypothesis was confirmed by the discovery cf 1°-mesons.
In 1949 and 1951, Vernov and collaborators obtained experimental data
confirming the presence of nuclear cascade processes in 1010-ev primary
cosmic particles. Vernov supervised comprehensive research work on the
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interaction of cosmic rays with matter and obtained an insight into the
mechanism of the formation of secondary cosmic rays in the atmosphere.
It became thus pcssible to describe this process quantitatively. On
Vernov's initiative, elementary processes of the interaction of

1011 - 101’ ev particles with atomic nuclei are being studied from a
stratoplane. Under his supervision, a first-class laboratory was estab-
lished at Moskovskiy gosudarstvennyy universitet (Moscow State Universi-
ty) to serve for research work on interaction of ultrahigh-energy par-
ticles (1014 - 1016 ev) with matter. The USSR network of stations for
the permanent recording of cosmic rays was establighed with his partici-
pation, and is now operating under the IGY program. In acknowledgment
of hig scientific achievements, Vernov was elected Corresponding Member
of the Akademiya nauk SSSR (Academy of Sciences USSR) in 1953. He was
awarded the Lenin Prize in 1960 for his discovery and research of the
outer radiation bel%t of the earth. S. N. Vernov is the head af the
NIIYaF MGU t egearch Ingptitut ’
tate vers , and runs the apecial section of the fizicheskiy fakul'-
tet MGU (Department of Physics at the MGU). There are 1 figure and
37 Soviet references.
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AUTHORS: Ivanenko, I.P., and Shabanskiy., V.P.
TITLE: The acceleration of particles in the Earth's outer radiation
belt

PERIODICAL: Geomagnetizm i aeronomiya, V. 1, no. 6, 1961, 888-896

TEXT: Conditions in the inner and outer radiation belts of the Earth are
compared. The relative stability of the outer belt is stressad. Particles
in the outer belt may be accelerated under the influence of hydrodynamic
waves originating on the boundary between the geomagnetic field and inter-
planetary plasma. It is shown that fairly fast protons and electrons are
lost by being carried by hydromagnetic waves into denser layers of tha
atmosphere. The energy density of electrons with an energy of. several tens
of kev is either one order {according to a later estimate) or three orders
(according to Van Allen) higher than the energy of the cold component, while
the energy density of electrons with more then 200 kev is 1:2 orders higher.
Whatever the estimate, the Debye radius of the energy component is con-

THTES
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giderably smaller than the outer zone (L~ 3+10%cm ). Therefore,the energy
component assumes the form of & plasma and all its properties; one should

not proceed from the assumption that the separate particles move in & gec-
magnetic field in questions concerning the potential acceleration of
particles, their injection from solar flows, zonal instability, etec. There

is no attachment between the Earth's nucleus and the force lines of the

outer field because there is a neutral layer of atmosphere between the Barth
and the ionosphere. Therefore,unly the latter can have a stabilizing in-
fluence. But the energy of the particles of the radiation field contained in
the neighboring tubes of force, vhich become considerably narrower towards
the ionosphere, may be sufficient for slow displacement of the mass of the
ionosphere during convecticn of these tubes. This may be ona cause of
ionospheri¢ winds. It follows that, besides ionization losses and the exit
of particles througa magnetic plugs, particles can also escapa from & geo-
magnetic trap by means of the relative convective instability of the system
and the exit of tubes of force with the energy component of the plasma on the
outside. Particles should accelerate endlessly. because the depth at which
they enter the atmosphere and disintegrate is determinsd by the point of
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reflection in the magnetic rfield and depends on the angle betwesn the
direction of the particle and the field, Theresfore, there must be goma
mechanism which limits acceleration from above (1) scattering on Alfven
waves, whereby the angle bétween the direction of the particle and the force
line alters; (2) exit of particles from the geomagnetic field during
ionization of the tubes of force; (3) removal of energy particles by shock
waves into denser layers of the atmosphere. Vhen an energy particle passes .
through the front of a perpendicular shesk wave in plasma with a magnetic '
field, the particle accelerates much more quickly than heat particles. This
. occurs if the Larmor radius of the particle is much greater than the width

- of the front. The particle becomes attached to the front for a certain

time and moves with it. Thus, particles whose Larmor radius is greater than

the width cf the front,will be carried away by waves reaching ths denser

layers of the atmosphere from the periphery of the geomagnetic field along

a radius towards the center of the Earth. There are 1 table and i3

references: 8 Soviet and 5 non-Soviet references, The four most recent

English-language references are: J.A., Van Allen, C,E. McIlwain, J.H. Ludwig

- J. Geophys. Res., 1959, 64, no. 3, 271; W.H, Hess - J. Geophys. Rea.,

1960, 65, no, 10, 3107; P. Rothwell, C.E. McIlwain - J.Geophys. Res., 1960)
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65, no. 3; 799, R. L. Arnoldi; R.A. Hoffmen ; J.R. Winckler - J. Gzophys.
Res., 1960, 65, no. 5, 1361.

ASSOCIATION: Moskovskiy gosudarstvennyy universitet im. M.V.Lomonosova.
Institut yadernoy fiziki (Moscow State University imeni
M.V. Lomonosov. Institute of Nuclear Physica)

SUBMITTED: October 19, 1961
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AUTHORS:: Guzhavin, V. V., Ivanenko, I. P. . o
TITLZ: ‘Angular distridution function of particles in & shower )

releesed by a primary particle of a given snergy

. PERIODICAL: " Zhurnal eksperimehtal'noy i teoreticheskoy fiziki, v.'40,
‘ no. 6, 1961, 1682-1694 .
TEXT: TheAauthors wanted to derive exact expressions for the angular
distridbution function in a number of special cases. The basic equations
of cascade theory read, for small angular devietions, ’

OP (Eo, E, t, 0)/0t = Ly [P (Eq, E, 1, 1), o ;Z
T{Eo E, £, 0)] + (EVAE?) AP (o, E, 1, 0), (1) (0.
i OUEe E 1, 0)/0t = Le [P (Eo, E. 1, 0); T (£, E, ¢, O)).

’

where P(EO,E,t,fﬁ and r(Eo, E,t,%) are the desired distribution functions
for electrons and photons, t is the penetration depth, L1 end L2 are .i-
Card 1/5 ! ]
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integral operators which ¢ Ee account of bremsstrehlung and pair forméfion;f
EkTEs(Ibdirforn(['bremsstr) y E =21 Mov. The boundary sonditions for a

primary, pegpendicu}arly inoident g}eétron or photon rend

PENEOD=0E =AM, TEELN=0 19

P(Eo,E,0,0) =0, T(E0,E0,0)=23(E—F30 1b) \ C1') I
respectIvely. By way of numerous integral frensformations, transformations
end substitutions, the distribution function of particles on the inocidencs:
of an electron is finally obtained. When neglecting the dependence of s. ! e
on &, the result of S. 2. Belen'kiy {Lavinnyye protsessy v kosmicheskikh °* i s
luchakh, Gostekhizdat, 1948 (Shower processes in cosmic radlation). - S. 2.!
Belen'kiy, I. P. Ivanenko, UFN, 69, 591, 1959) is obteined. The euthors ‘

also calculated NP(EO,E,t,E)P and P(EO,E,t,ea? teking account of the

dependence of s on £. The formulas are rather compliczted, and are
specialized for z&1 and z)!. The difference between the general and the
two special formules is estimated, and it is stated that the effect of a
finite © on the form of the distribution function ia fairly importang

and
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namely, the more importent, the smaller Eo/E and .z are. For the
distribution furction in case of an incident photon, °

- P _ w1 P SFilsz N
(N[‘ (EO; E) t' 0)} i = {IVP (EO' Eo t)) 230,2(’_2)/,[,(’/2) ] (8)

is derived with N o . .
T T T T - - (11).
Fi(s ) =2 42/~ Ky ).

z

The angular distribution function of electrons normalizad to unit; and
‘integrated over the energy is found to coincide with the engular
distribution function of photons differentiated with respect to E. In:
addition, formulas are given for the distribution functions of particles.
in a shower relessed by a photon, generally at first, and then specializad
for z31 and 2¢1. Likewise, the distridbution function of photons in a.
shower released by a photon is given. It 1s further stated that the
distribution functions of electrons normalized to unity do not depend

upon the nature of incident particles. As regards photons, this state- -
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IVANEN®D, I. P., TVERSKOY, B. A. and SHABANSKIY, V. P.

"On the radiation belt theory"

report to be submitted for the 13th Intl. Astronautical Congress, IAF,
Varna, Bulgaria, 23-29 Sep 1962.
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GUZHAVIN, V.V.; IVANENKO, I.P. |
T Effect of the nature of a primery particle of an alectren-photon
Tl cascade shower on tbe form of the angular and spatial distribmion
T functions, Vest, Yosk. un. Ser, 3sFiz., astron. 18 no.5:3-7 5.0
163, (MIRA 16:10)

1. Nauchno-issledovatel'skiy institut yadernoy {1ziki Moskovskogo
gosudarstvennogo universiteta.
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GUZHAVIN, V.V.; IVANENKC, I.F.

Jse of the meshcd of moments in acLV1ng & uhreeadjmeue;onal
anguliar problem in electromugnetic cascade theory. lzv. AN
§85SR, Ser. fiz. 28 nn,11:1841-~1846 N ‘64, \.&an 17412

1. Nauchno-issledovatel'ekiy institut yadernoy ilzik! Moskovskego
gosudarstvennogo universiteta,
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SOURCE CODE: UR/048/65/028/009/1 10,1713
AUTHOR: Astaf'yev, V.A.: Ivanenko, I.P. A R e

T T Y

AP5024640

baTiiaisa bsh

‘ ' ; S -
ORG : Ss.ssnti_m_&egzM,lm&ugw;m;&xmughumw;mmemu.-__. :
im. M.V.Lomonosov (Nauchno-issledovatel'skiy institut yadernvy fimiki Moskovskogo -

gosudarstvennogoy

i
B

TITLE: Concerning the stability of the sclution of the invdrse problem im dascedo
theory /Report, All-Union Conferemce on Cosmic Ray Physics leld ai: Apatity 24-31
August 1964/ ; P : :
R

SOURCE: AN 88SR, Izvestiya. Seriya fizicheskaya, v.29, noi 9, 1965, 1709-1713 |
! ' . S IR

TOPIC TAGS: extensive air shower, mathematic methad, distribution;functi m, inverjse .

probles; D _ S I EE R R I

1

-

ABSTRACT: The authors have recently discussed tha inverse prioblen ‘of camcade bheorry
(Ixv. AN 83SR Ser. fiz., 1847, 1964) and have developed methods foir calculating tls
roments of the probability distributions for the elementary ‘procesigen involved. in &
, cascade from observed characteristics of the cascade. In the preseni paper thoy dig~ —~
i cuss tho stability of these methods, using as an example the simpld I'urry caseade (W.
H.Furry, Phys. Rev., 52, 669, 1937), by calculating the errorip in avilusliing the mo-

meuts that arise from small errors in dotermining the cascale spectim. Tho nifects
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on the different moments of different kinds of e-:perimantal e;rror aru discuasedl at
some length. -1t 1is concluded that the method shows. ~romise but thmt: wuch worl: rendins
“£o be done befcre the sclution of the imverse cascaue pmhlm::x can ‘be ‘uged %o desrivec ,
religble infomation corcerning the ‘characteristice of the ol«mentnry inﬁ.eraction
event from experimental data on couic ray showers. Orig. url:. han. 18 fomulsw and
3 figures. : .

6UB CODE: NP.MA° SUBM DATE: 00/- -~ ° ORIG REFt 001/ m:n m;r} oor
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AUTHOR: Bakitadze, A.K.; Guehavin, V.V,; Ivanenko, 1.P, . o A
— TSR Y o

ORG: Scientific Research Institute of Nuclear Physics, Moscow. State University im, |

M.V.Lomonosov_{Nauchno-issledavatel'skiy institut ynderdmy'ﬁitlkt?ﬂbskovskogq gosudar-

stvennogo) , S el R

TITLE: On taking ionirzation losmes into account in g,lsg.‘gm:gexm‘daxammmg. theary -
/Report, All-Union Conference on Cosmic Ray Physics held nj;i;qut“q.:j;yj“g:;::ﬂ._n,:}ug;aq;,,ﬁl.ssgl _

D) - - e
- S

e maiiarna,

| SOURCE: AN BSSR, Izvestiyas. Scriyn?ns‘icheslns'yd.'ﬁ;’zrﬂ,;#i&. 9,1965 ,1724*1?18 '

TOPIC TAGS: secondary coamic ray, cosmic raj shoﬁtef, uloctiéo‘u. ﬁildkoh,"natﬁmatii:"
method : L :

ABSTRACT: The authors present without detailed proof diflcsu.‘fmutini u&:pérncoz's@‘iihtcjz
approximate uader certain conditions the 1ntegra1.operator;t;{ﬂ{,eleq:-t:ron»photqn; cas¢ade :

theory. Such operators are presented for the four cases im which!the cross Betctions

are those of Bethe and Heitler with complete screening.or'vuigm correct sorecnling iind
ionization losses eoither ineluded or neglected; such an operator 4s also presented for

the case of completely scruened Bethe-Heitler cross neotlcxrdf but with the eliec:xtrox:x
sagular distribution taken into account., The ‘solutions of the cedcide problew obi

tained with tho ald of these operators are discussed. ‘Thes ‘miathord. lave’ also solvad
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CACC NR: APS5024641

the one-dmensional cascade equatmns with the cross aact!ona of H.L.Ter-ﬂlkn.elya.n

| (Dokl, AN SSSR, 94, 1033, 1954; Izv. AV SSSR, Ser._ £iz.,.19,.657,. 1955). which ta.k:e
account of polarizatiou of the medium, and with the cross sedtionsiof A, B.lugdal
(Dokl, AN SSSR, 96, 49, 1954; Zh. eksperim. 1 teor. fiz.," az; 633,»1957) wh:lch l.re
valid at very high energies. The use of the 'l‘er-lukw.elyan cross sizations renqves ithe’
low energy logarithmic divergence of cascade theory. The sol.utionu ‘of the very high
energy cascade equations, using the Migdal cross sections at' energ:leu of 1018-1020 ev,| -
differ from those of the cascads equationa valid at lower enmrgiem mrinly in! ucale" 1
the cascade unit is repleced by a length proportional to the: mqunre root of t;pe prl-
mary energy. Orig. art. has: 20 Zomulas end 2 figures.

SUB CODS: NP/ BURM DATE: 00/- - ORIG EEF: 00S/ . OTH HEF: u@xa§

o
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ACC NRi APGO31601 - ' SOURCE CODE: ™ UR/0367/66/G0k/0601/0161/0168

i

»AUEJOR: Bokhtadze, A. K.; Ivancnko, I. P. /-

AR aGd,

| ORG: Institute of Kuclear Physics of the Moscow State University (Institut yadernoy
fiziki Moskovskogo gosudarstvennogo universitcta)

|
;TITLE: Influence of polarization of & medium on the development and energy cha.ranter-é
istics of electron-proten showers ‘- i

SOURCE: Yadernaya fizika, v. b, no. 1, 1966, 161-168

TOPIC TAGS: cosmic ray shower, proton interaction, electron interaction, pair pro-
duction, spectral energy distribution

ABSTRACT: The authors develor a one-dimensional cascade theory of shower production
in a medium, with ond without allowance for the ionization losses, in the case of,
total screening (for media with small end medium 2). The Bethe-Heitler expression
| (Proc. Roy. Soc. v. 1h6, 83, 1934) is used for the probability of pair production in
' medium in the case of total screening. The general equations of the one~dimensional
“theory are derived and solved by a procedure similar to that used by S. Z. Belen'kiy
(UFN v. 69, 591, 1959 and earlier). The energy spectra of the particle number in the |
shower and the dependence of the particle number on the depth are determined from
these equations and the results are compared with other published data. An advantage

| SO,
)
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of the method in ... <l the equilibrium spectra rémain finite vhen account is taken
of the polarizati- . nl ke the Bethe-Heitler cross sections, which lead to singu-
larities. Orig. art. v 3: 2 figures, 13 formulas, and 4 tables.

SUB CODE: 20/ SUBM .ALE: 22Apr65/ ORIG REF: 005/ OTH REF: 001
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' ACC NR:  Ap70088385 . " - /SOURCE CODE: UR/0367/66/00L/00L/0807/0811
" AUTHOR: Ivanenko, I. P.; Samosudov, B. Ye.

C3G: .Nuclear Physics Institute, Moscow State University (Institut Yadernoy fiziki
Moskovskogo gosudarstvennogo universiteta) :

CTITIE: Electron and photon equilibrium spectra with polarization of the medium ard
multiple scattering taken into account

| SOURCE: Yadernaya fizika, v. 4, no. k, 1966, 807-811
QTOPIC TAGS: electron spectrum, particle scattering, phéton

‘:SUB CODE: 20

1 .
| ABSTRACT:. Expressions are obtained for electron and photon equilibrium spectra, in
.'the B-approximation of the cascade theory, taking the polarization of the medium
‘into account. Expressions are obtained for the equilibrium spectra, taking scattering:
into account for showers produced by particles with given finite energy E,. Orig.
.. art. has: 16 formulas and 1 table. [Based on authors' Eng. abst.] [JPRS: 39,658]

]
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ACC NR: AP6037077 SOURCE CODE:  UR/0056/66/G51/c05/1k83/1491)
AUTHOk: Vaskin, A. I.; Guzhavin, V. V.; Ivanenko, I. P.

ORG: Institute of Nuclear Physics, MOSCOV;”S-'EA%O Uni\'rérsity (Institut yadernoy fiziki
Moskovskogo gosudarstvennoge unjversiteta)

TITLE: New method of solving the equations of cascade theory

SEUFCE: Zhurnal eksperimental'roy i teoreticheskoy fiziki, v. 51, no. 5, 1966, 1483-
1491

TOPIC TAGS: cascade, bremsstrahlung, electromagnetic interanction, approximate solu-
tion, particle distribution

ABSTRACT: This is an elaboration of an earlier communication (Izv. AN SSSR ser. fiz.
v. 29, 1714, 1965), vhere & new method of solving the equations, of electrcmagnetic
cascade theory was outlined. The method is based on replacing the integral operator
describing electron bremsstrahlung and pair production by photons by & simple ap-
proximate differential operator. In many cases this substitution greatly simplifies
the integral differential equations of the cascade theory, reducing them to linear
differential equations. An analysis of the solutions of the approximate differential
equations shows that these solutions are in many important cases more accurate than
the non-approximate solutions of the inltial exact equations. By way of an example,
the methoi was applied to the solution of the equations of one-dimensional cascade
theory in the two approximation (A and B) defined by 8. Z. Belen'kiy (Iavinnyye
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protsessy v kosmicheskikh luckakh [Cascade Processes in Cesmic Rays], Gostekhizdat,
1948). The method is applied to caleulations with and without account of ionization ;
losses. Among the problems that can be simplified by this method are the construc- f
tion of a theory that accounts for the energy dependence of the absorption coefficient
of the photons, and the determination of angular and spatial distributions of the
particles, Orig. art. has: 5 figures, 24 formulas, and 1 table.
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Classification of combined mining systems. Ugo ‘U o, nc.b:
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(Donets Basin—-Goal mines and mining)
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Studying the relationship between underground transportation and
stoping operations in cases of advancing and retrsating mining
methods. Ugcl'.prome no.4:14-18 Jl-Ag '62, (MIRA 15:8)
(Mining engineering)
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Experience in the prevention of chronic gastritis. Voen. med,
zhur, no,10:61-63 0 165, (MIRA 18:11)
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Conditions Yor the advantageousness of supporting workings
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(MLRA 10:2)
(Mine timbering)
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Strength of rigid, reinforced c
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(Mine timhering) 12:5)

(Reinforced concrete construction)
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IVANENKO, KO, I.Ye.

Bearing capacity of rigid reinforced concrete supports of some
factories of the Donets Basin, Trudy NPI 101:61~79 160,

(MIRA 15315)
(Donete Basin~~Mine timbering)
(Donets Basin—Reinforced concrete construction)
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Eypes gf support elements made of rigid reinforced concrete
struts. Trudy NPI 140:53-60 '63.

Studying the durability of timbering made of treated pine
timbering. IWdd.:79-87 (MIRA 17:9)
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Bffect of antiseptizing mine supports made of pine on their
strength, Izv. vys. ucheb. 2av.; gor. zhur. no.8338-43 %64
(MIRE 1831)

1. Novocherkasskiy politekhnicheskiy institut. Rekomendovana
kafedroy razrabotkl plastovykh mestorozhdeniy, stroiteltstva
i rekonstruktsil gernykh vyrabotok.
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" '.-_: [0ak forests of forest zone bottom landa] Poimennye dubravy lesnoi
= zony. Moskva, Goslesbumisdat, 1954, 82 p. [Microfilm] (MIRA 7:11)
{Volga Valley--Forests and forestry)
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Eye injuries in Minbk industrisl establishmepts.snd measures for
preventing them. Zdrav. Belor. 4 no.2:47-48 F '58, (MIRA 13:8)
(MINSK~-INDUSTRIAL HYGIENE)
(EYE—WOUNDS AND INJURIES)
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